nitrogen fixing peanut (Arachis hypogaea L.) genotypes revealed the predominant nature of non-additive genetic variance for nitrogenase activity and other traits. Germplasm line, NC Ac 2821 had the highest general combining ability for nitrogenase activity, total nitrogen, leaf area, and top weight, and therefore, it should be a good parent for use in breeding programs. Nitrogenase activity was significantly and positively correlated with nodule number, nodule mass, total nitrogen, top weight, and root weight. This evidence suggests the possibility of breeding for increased nitrogen fixation and thus yield in peanut.
Considerable genetic variation occurs in leguminous
crops including peanut, Arachis hypogaea L., for the characters associated with nitrogen fixation. Several w o r k s have shown genetic differences for nodulation, nodule mass, and nitrogenase activity among peanut cultivars (4,6,8,9,10,13,14), and efforts are being made to exploit this genetic variation to increase nitrogen fixing ability for cultivar improvement.
Earlier reports on the gene action of traits related to Nz-fixation in peanut revealed predominantly non-additive genetic variance for nodule number, nodule mass, specific nitrogenase activity, shoot weight, and total nitrogen (8, 14) . Recently Arunachalam et al. (3) reported that nitrogenase activity and nodule mass were the most important characters in identlfying the relative performance of a cultivar for high Nz-fixation. Wynne et al., (15) investigated the relative importance of the host, the Rhizobium strain, or the host-Rhizobium strain interaction fpthe genetic manipulation of host-Rhizobium ' Rhizobium symbiosis. They reported large additive genetic effects for nodule weight, and shoot weight; large non-additive genetic effects for nodule number and nitrogenase activity suggesting that these traits could be genetically exploited either by the selection of host-cultivars alone or in combinations of host-cultivars and rhizobia.
The present study was conducted to estimate the relative importance of general and specific combining ability for nitrogenase activity and other traits related to nitrogen fixation horn a six parent diallel cross involving high and low Nz-fixing genotypes. Correlations between traits were also measured.
Materials and Methods
Genotypes with low (MH 2, NC Ac 516, and NC Ac 1740) and high (NC Ac 490, NC Ac 2654, and NC Ac 2821) nitrogenase activity, selected on the basis of earlier observations (9,lO) were crossed in full diallel. Thirty F1 progenies and six parents were grown in alfisol fields during the 1981-82 postrainy season (December -March) at the IC-RISAT research center. The experimental design was a randomized complete block with four replications. The crop was sown as single row plots on ridges 75 cm apart with plants spaced 15 cm within the row. Single superphosphate was applied at the rate of 17.6 kg Pha.
The plots were not inoculated since there were abundant native Rhizobium populations in the soil (1W rhizobidg dry soil). The crop was irrigated regularly and protected against pest damage.
Sixty days after sowing, twenty competitive plants fiom each plot were carefully dug (20-23 cm deep), the soil was removed from the roots, and the following observations were recorded: A. Nitrogenase activity (F moles CeHdplantlhr) Nitrogen fixing activity was measured by the acetylene reduction assay (5,ll). The nadulated roots were placed in a 20 litre plastic bucket with a tight fitting lid. The container was made airtight by sealing the edges with adhesive tape. Acetylene was injected into these buckets by a syringe operated by acetylene cylinder pressure to give a h a l concentration of 1096 vlv. The excess gas was then let out through a needle for 2-3 minutes to allow the pressure inside the container to reach equilibrium with the atmosphere. It was not possible to maintain a standard incubation temperature in the field, but variation in the bottle temperature was reduced by placing a wet jute bag over the bottles during incubation. All assays were carried out between 0930 and 1400 hr. The nitrogenase activity of all values was corrected by deducting the values obtained fiom a blank check.
B. Total nitrogen (mg/plant)
The nitrogen content in the plant tissue was determined as described by Technicon (Autoanalyser 11, Industrial method NC 218-72, AA 11). Shoot of 20 plants were ground to pass through 3 mm sieve, mixed well, and 20 g of the powder was ground again to pass through 1 mm sieve. Eighty mg of the powder was digested with 4 mL of selinium:
Pcpnut S&mce (1985) 11:55-!j7 sulphuric acid mixture, diluted to 75 mL with distilled water, and 0.33 mL was used for ammonia estimation based on Berthelot reaction (for details refer to Industrial method No. 218-72 A, AA 11, Technicon Industrial systems, Tarrytown, N. Y. 10591, USA).
Nitrogen content of fruit was determined similarly, and total nitrogen in the plant was calculated by adding nitrogen content in shoot and h i t .
C. Nodule number and mass (glplant)
The number of nodules on the roots was counted after separating them manually from the roots. The weight of the nodules was recorded after drying at 80 C for 24 hr.
D. Leaf area (cmVplant)
Leafarea was measured using a L1-COR model 3100 leafarea meter. All leaves were removed manually, their fresh weight taken, and a subsample of 25g was used to measure leaf area.
E. Top and root dry weight (g/plant)
Weight of both tops and roots of the 20 bulked plants per replicate were determined after being dried at 80 C for 24 hr.
The combining ability analysis was carried out on plot means following model 1, method 1 of GrifEng (7) . Genotypic variance and covariance for computing phenotypic and genotypic correlations were calculated following Al-Jibouri et al. (1) .
Results and Discussion
Significant differences were observed among parents and crosses for all traits ( Table 1) . The mean over all the crosses was greater than the overall parental mean for each character. tO.008
The mean squares due to general combining ability (GCA) and specltic combining ability (SCA) were highly significant for all the traits, except the GCA mean square for nodule number ( Table 2 ). Predominant SCA variance was however observed for all the characters. Similar results for nodule number, nodule mass, specific nitrogenase activity, shoot weight, and total nitrogen were previously reported (8). Table 3 ). NC Ac 2821 was the only parent which belongs to ssp. hypogaea var. hypogaea, and it had the best general combining ability for most traits, including high nitrogenase activity. Therefore, it should make a better parent in a breeding program under these environmental conditions for increasing Nz-Fixation. These results are in contrast to those reported earlier. Isleib et d. (8) found that ssp. fastigiata var. htigiata genotypes (PI 275708 and NC Ac 16145) were superior in transmitting to their progeny increased nodule number and mass, nitrogenase activity, shoot weight, and total nitrogen and the ssp hypogaea genotypes (PI 275744 and PI 262090) were poor combiners for most of the characters studied. Arunachalam et al. (2, 3) also reported Virginia cultivars fix more nitrogen than Spanish and valencia cultivars. Table 3 . GCA effects for nitrogenase activity and other traits in peanut. Crosses with significant SCA effects for nodule number and nodule mass were M H 2 x NC Ac 2821 and NC Ac 516 x NC Ac 2654. SCA effect for nitrogenase activity was significant only for the cross NC Ac 1740 x NC Ac 2821. Crosses with desirable SCA effects for total nitrogen and leaf area were NC Ac 516 x NC Ac 2654 and MH 2 x NC Ac 2821, respectively. Desirable crosses for top weight and root weight were NC Ac 516 x NC Ac 2654 and M H 2 x NC Ac 2821 (only for top weight). These crosses also had the high mean per se for these traits.
________________
Genotypic correlation coefficients were, in general, higher than corresponding phenotypic correlations because of the removal of environmental effects (Table 4 ).
Phenotypic correlation coefficients were significant (P=O.Ol) and positive between nitrogenase activity and total nitrogen, nodule number, nodule mass, top weight, and root weight. Similarly, total nitrogen was also significantly correlated (P=O.Ol) with nodule mass, leaf area, top weight, and root weight. Nodule number and nodule mass were significantly correlated between themselves and also with top weight and root weight. Ledarea was significantly correlated with top weight, root weight, and nodule mass. Correlation between top weight and root weight, was also significant . Wynne et d. (14) also observed a high degree of correlation between nitrogenase activity and shoot weight, nodule number, nodule mass, and total nitrogen. -------Because of the greater importance of SCA variance for rritrogenase activity and other related traits, selection for high nitrogen fixation may not be effective in early generations, therefore, advanced generation selections derived fiom specific crosses should be evaluated for high Nz-fixation. Recently, it has been reported that traits related to nitrogen fixation, i.e., nodule mass and nitrogenase activity accounted for more than 80% variation in seed yield in the F2 generation (2,12) . These studies suggested that if genotypes with high nitrogen fixation ability (high x high) are crossed, it is possible to produce transgressive segregants combining high nitrogen fixation and yield. These observations coupled with the data presented here indicate the possibility of increasing yield by improving the N2 -fixation ability of the peanut.
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